The present study provides descriptions on the morphological and histological structure of the tongue of the hooded crow (Corvus corone cornix) in relation to habitats and feeding habits. The tongue is a tall and arrow-shaped structure. Three parts are distinguished in the dorsal surface of the tongue: the apex, the body and the root. The lingual apex was bifurcated and many of acicular (needle-like) processes are found in both lateral sides of the anterior lingual part. These processes were mostly foliated. Moreover, a conical papillary crest with lateral giant papillae was located between the junction of the body and the root of the tongue. The histological structure of the caudal part of the tongue revealed numerous subepithelial mucous glands which extract their secretions on the dorsal surface of the tongue through narrow ducts. Numerous intraepithelial taste buds were reported in both rostral and caudal parts of the tongue. It was concluded that the morphological modification of the tongue of the hooded crow may be adaptations for the bird ' s mode of food and feeding habits.
Introduction
The wide variation in the structures of the oral cavity in birds is related to the adaptation of strategies for feeding methods, different kinds of food and climate conditions (Iwasaki, 2002) . The microstructure of the tongue has been examined in many species of birds, e.g., in parrot, penguin, little tern, owl, whitetailed eagle, hen, quail, bean goose, golden eagle, common quail, jungle nightjar, zebra finch, nutcracker and hoopoe (Homberger and Brush, 1986; Iwasaki and Kobayashi, 1986; Homberger and Meyers, 1989; Iwasaki, 1992 Iwasaki, , 1997 Kobayashi et al., 1998; Jackowiak and Godynicki, 2005; Rossi et al., 2005; Jackowiak et al., 2006 Jackowiak et al., , 2010 Parchami et al., 2010a,b; Emura et al., 2010; Dehkordi et al., 2010; El-bakary, 2011) .
In terms of their anatomy, avian tongues show a fundamental similarity to the divisions of the mammalian tongue (apex, body, and root). Large species-specific differences in shape and size are thought to be modifications allowing the tongue to function as a specialized tool for obtaining and processing food (McLelland, 1975 (McLelland, , 1979 Komarek et al., 1986; Vollmerhaus and Sinowatz, 1992) . This specialization may lead to a remarkable variety of surface structures of the mucosa, as in Anatidae, which are specialized in grazing, pecking, and filtration of food particles (van deer Leeuw et al., 2003; Bels, 2006) . Contrastingly, in species that swallow whole food, such as cormorant or stork, there is a great structural reduction of the tongue (Campbell and Lack, 1985; Jackowiak et al., 2006) . In ostriches, a short tongue is the main organ secreting mucus, which prevents oral mucosa from drying (Jackowiak and Ludwig, 2008) .
Bird tongues are characterized by the occurrence of a single or double crest, which separates the body and the root of the tongue by a wide variety of mechanical conical papillae useful for the manipulation of food, filtration of liquid, and transport of food particles on the lingual surface (McLelland, 1979; Komarek et al., 1986; Vollmerhaus and Sinowatz, 1992) . Another specific feature displaying variations are the types of mucosa epithelium, such as keratinized and/or non-keratinized types.
The aim of this work is to describe the morphology of the tongue of the hooded crow (Corvus corone cornix) and to characterize the microscopic structure of the lingual mucosa using light and scanning electron microscopy.
Material and methods
The tongues used in the present investigation were obtained from adult hooded crow collected from Nile Delta and Suez Canal.
For morphological studies, the components of the head region including the roof of the buccal cavity and the tongue were studied in terms of their shape and physical appearance. Gross photographs were captured using a Canon 14 mega pixels digital camera.
For the histological studies, the samples of the apex, body and root of the tongue were fixed in 10% buffered paraformaldehyde at room temperature for 24 h. Next the tissues were dehydrated in a series of ethanol at increasing concentrations (70-100%), cleared in terpineol and embedded in paraplast. Transverse sections of 5 lm thickness were stained with haematoxylin and eosin.
For scanning electron microscopical studies, the fixed samples were dehydrated in a series of ethanol (70-100%) and acetone, and subsequently dried with the critical-point drier Tousimis Audosamdri-815. The dried material was coated by gold sputter coater (SPI-Module). The material was stored over silica gel, and observed with a scanning electron microscope JEOL (JSM-5400 LV) in Regional Centre of Mycology, Al-Azhar University, Cairo, Egypt.
Results
In the hooded crow (Corvus corone cornix) the roof of the buccal cavity is formed from the hard palate which contains a longitudinal fissure, the choana (Fig. 1) . The choana is narrow in rostral portion and wide in caudal portion. The tongue of the hooded crow is arrow shaped and occupied the floor of the buccal cavity (Fig. 2) . The dorsal surface of the tongue is divided into three parts: the apex, the body and the root (radix). Between the body and the root of the tongue there Fig. 1 Photomicrograph of the roof of the oropharynx of hooded crow Corvus corone cornix showing the hard palate (P), the choanal opining (CO), the palatine ridges (PR) and the caudally directed papillae (stars). (1), bifurcation of apex (arrow), a lingual body (2), papillary crest (3), radix (4), glottis (5), laryngeal sulcus (6), hyoid bone (7) and giant conical papillae (double arrows) of the papillary crest. are lateral large and transverse row of conical papillae, the apices of which are pointed towards the posterior part of the tongue. Behind the glottis, there is a longitudinal mucosal elevation which represents the laryngeal sulcus (Fig. 2) .
In the present work, the mucosa of the tongue is covered with a stratified squamous epithelium on both the dorsal and ventral surfaces. The keratinized epithelium was reported only on the ventral surface of the apex of the tongue (Figs. 3 and 4) . However, a non-keratinized epithelium is present only on the dorsal surface of the tongue. Beneath the stratified squamous epithelium lies a thick connective tissue layer containing numerous blood vessels. Moreover, numerous taste buds appear in the epithelium covering the dorsal surface of the rostral part of the tongue (Fig. 3) .
The lingual glands of the hooded crow are located in the subepithelial connective tissue of the dorsal surface of the tongue root (Fig. 5) . The cross section of the mucous glands showed that they are simple branched tubular glands and each gland is surrounded by a connective tissue sheath. The ducts of these glands open on the dorsal surface of the tongue (Figs. 6 and 7) . In addition, numerous taste buds were found in the epithelium of the dorsal surface of the tongue root (Fig. 8 ). Cartilage and skeletal muscles are present in the caudal part of the tongue (Fig. 9) .
Scanning electron microscopical studies revealed that, the tongue apex is bifurcated and provided with many fine needle-shaped acicular processes at lateral sides of the lingual apex (Figs. 10 and 11). At higher magnifications, the acicular processes were exfoliated and delicate microridges can be seen on it (Figs. 12 and 13) . In addition, a weak median sulcus on the lingual body was also observed (Fig. 14) . A h V-shaped papillary crest has been observed on the surface between the junction of the body and root of the tongue. The edges of the papillary crest forming two giant lateral conical papillae were observed (Figs. 15 and 16 ). The conical papillae exhibit exfoliation (Fig. 17) . In the present work, the mucosal surface of the tongue apex, body and root has delicate microridges without papillae (Figs. 18-21 ). In addition, numerous subepithelial lingual glands, are located in the dorsal surface of the lingual root which are filled with mucus (Figs. 22 and 23 ). These mucus glands extract their secretions on the dorsal surface through narrow ducts. The secretion of these glands helps in swallowing and lubrication of food. 
Discussion
The tongue plays a significant role in feeding, which exhibits an important morphological variation adaptive to environmental conditions of each habitat. The tongue of the hooded crow shows several differences in comparison with the tongues of other species of birds. The tongue of the hooded crow is arrow shaped. Similar results were obtained by Parachami et al. (2010a) in quail and Jackowiak and Godynicki (2005) in white tailed eagle. In contrast, Emura et al. (2009) found that in Japanese pygmy woodpecker the tongue was elongated and lance-shaped. Also Hassan et al. (2010) noticed elongated and oval tongue in duck and goose. In muscovy duck the tongue is long and broad, with a shovel-shaped tip (Igwebuike and Anagor, 2013) . The tongue is free from the anterior part that can protrude out of the oropharyngeal cavity, which is important for obtaining food materials. Tongues used to manipulate food, such as in piscivorous species, are non-protruding also, in domestic fowls (King and Mclelland, 1984) and in bustards (Bailey et al., 1997) . The hooded crow feeds on garbage dumps, invertebrates, fruits, vegetables and small birds. The nutcracker feeds mainly on seeds (Jackowiak et al., 2010) . The white tailed eagle feeds mostly on fish and birds (Jackowiak and Godynicki, 2005) . While Hoopoe feeds on large insect, their larvae, and pupae and also small vertebrates (El-Bakary, 2011). The differences in the structure of the tongue and the type of food may be due to the differences of their habitats.
In the present study, the tongue of hooded crow contains many needle shaped processes (acicular processes) in both lateral sides of the lingual apex. In the Japanese pygmy woodpecker some conical processes were observed in both lateral sides of the anterior lingual apex and there are many needle processes, the apices of which are pointed towards the posterior part of the lingual apex (Emura et al., 2009 ). Also Dehkordi et al. (2010) found that in zebra finch many fine densely populated needle-like processes in both lateral sides of the anterior lingual apex and the caudal processes are of equal lengths and are tangent to the tongue.
The tip of the tongue of the hooded crow was bifurcated. Similar results were shown in the little tern (Iwasaki, 1992) , Peregrine Falcon and Common kestrel tongues . Different structures were shown in the tongues of white breasted kingfisher (El-Bakary, 2012) . In the tongue of hooded crow, three parts may be recognized: the apex, the body and the root. Between the body and the root there are transverse rows of small conical papillae and lateral large conical papillae in which they form a h V-shaped papillary crest, the apices of which are pointed towards the posterior part of the tongue. In white tailed eagle between the body and the root of the tongue there were large conical papillae (Jackowiak and Godynicki, 2005) . Moreover, well-developed caudally directed papillae were reported on the tongue of the African pied crow (Igwebuike and Eze, 2010) . Similar results were also found in nutcracker (Jackowiak et al., 2010) . On the other hand, the papillary crest is absent in the Japanese pygmy woodpecker (Emura et al., 2009 ) and Rhea Americana (Santos et al., 2011) .
In the present work, the distribution of numerous lingual glands is found only on the dorsal surface of the root of the tongue. Similar results were shown in African pied crow (Igwebuike and Eze, 2010) . A different distribution of glands was distinguished into anterior and posterior lingual glands Figs. 18-21 Scanning electron micrographs of the tongue of hooded crow Corvus corone cornix showing exfoliate cells in the apex (Fig. 18) , body (Figs. 19 and 20) and root ( Fig. 21 ) with delicate pattern of microridges particularly in the body and root regions. as in Hoopoe (El-Bakary, 2011) . In ostrich, the mucous glands open on both the dorsal and ventral surfaces of the tongue (Jackowiak and Ludwig, 2008) . In emu, the tongue dorsum displays only large, simple branched tubular mucus secreting glands, whereas the caudal tongue body ventrum and tongue root, in addition to these glands, also exhibit small, simple tubular mucus-secreting glands (Crole and Soley, 2009 ). In zebra finch, the entire surface of the dorsal lingual epithelium and their ducts opened onto the dorsal surface of the tongue (Dehkordi et al., 2010) . In Muscovy duck large numbers of simple branched tubular glands occupy the full width of the layer of the tongue (Igwebuike and Anagor, 2013) .
In the present investigation, the taste buds are found in the epithelium of the dorsal surface of both rostral and caudal (root) parts of the tongue. In African pied crow taste buds are present in the epithelium of the dorsal surface of the rostral part of the tongue (Igwebuike and Eze, 2010) . While in emu taste buds were located in the epithelium of the caudal extremity of the tongue root (Crole and Soley, 2010) . 
